Background-Childhood blood pressure is largely uninfluenced by medical treatment and behavioral changes associated with hypertension diagnosis. Examining secular trends in childhood blood pressure and its contributing factors will help us better understand population-level determinants of blood pressure and hypertension. Methods and Results-Data were from 4 waves of the Korean National Health and Nutrition Examination Survey between 1998 and 2008, including a total of 5909 boys and girls 10 to 19 years of age. Over the past 10 years, age-and height-adjusted mean systolic blood pressure decreased substantially from 115.6 to 106.9 mm Hg (by 8.7 mm Hg) among boys and from 111.8 to 101.8 mm Hg (by 10.0 mm Hg) among girls. Associated childhood hypertension and prehypertension/hypertension prevalences decreased by 52% to 86%. These remarkable decreases were found among all age and socioeconomic groups and were not explained by secular changes in childhood obesity (body mass index and waist circumferences), health behaviors (cigarette smoking and physical activity), nutritional factors (sodium, potassium, total energy, protein, and fat intake), psychological factors (perceived stress and sleep duration), and sociodemographic factors (annual household income and family size). Conclusions-We observed important population declines in blood pressure in Korea over a 10-year period in children 10 to 19 years of age, but the likely causes for these secular trends remain to be determined. (Circulation. 2011;124:397-405.)
Hypertension and BP are of special importance in explaining the huge increase in life expectancy in recent decades in East Asian countries such as South Korea (hereafter called Korea) and Japan. In Korea, there has been a half-year increase in life expectancy per 1 calendar year; Ϸ30% of the total life expectancy increase between 1983 and 2005 was attributable to a reduction in mortality from cardiovascular disease (mainly stroke and hypertensive disease). 13 In Japan, 34% and 31% of the total increase in life expectancy among men and women, respectively, between 1970 and 2000 were achieved by lowered stroke mortality. 14 Examination of childhood BP trends and their contributing factors may provide clues about the origin of the significant declines in adulthood hypertension and associated mortality in these countries. 15, 16 In this study, we traced secular changes in childhood BP and hypertension from 1998 to 2008 using nationally representative Korean data and examined potential contributions of trends in obesity, childhood health behaviors, nutrition and dietary intake, and psychological and sociodemographic factors. and Prevention. 17 Information was collected from stratified multistage probability samples of Korean households representing the civilian, noninstitutionalized population. The surveys included a health interview survey, health behavior survey, health examination survey, and nutrition survey. The response rates for the health examination survey of the KNHANES were 86.5% in 1998, 77.3% in 2001, 70.2% in 2005, 65.8% in 2007, and 74.3% in 2008. Some respondents of the health examination survey did not participate in other surveys (eg, health interview survey, nutrition survey) because the surveys were conducted in different settings (eg, mobile health examination center versus home) at different days of the survey period for each survey site. Additional details regarding study design and methods are provided elsewhere. 17 Data for 2007 and 2008 were combined because they represent the fourth KNHANES. When we separated the data for the fourth KNHANES (2007 to 2008) into 2007 and 2008 data, the same BP trends were revealed ( Table I in 
Blood Pressure Measurement
Standardized methods of BP measurement are crucial in determining changes in BP in children. 18 For all waves of the KNHANES, BP was measured with a mercury sphygmomanometer with a cuff of appropriate size after a subject had been seated quietly for 5 minutes with the right arm supported at the level of the heart. 17 The same measurement instruments (Baumanometer sphygmomanometer, W.A. Baum Co, Inc, and Littmann Stethoscopes, 3M) were used over the surveys. 17 Quality control activities for these BP measurement methods were conducted during each survey. 17 Two readings for the first and second KNHANES and 3 readings for the subsequent KNHANES were made, but the average of the first 2 readings was analyzed for consistency. The mean differences between the first and the second readings for all data were 0.65 mm Hg for systolic BP (SBP) in both sexes and 0.29 mm Hg and 0.40 mm Hg for diastolic BP (DBP) in boys and girls, respectively. Compared with the second readings, mean values for the third readings of the third and fourth KNHANES were lower by 0.46 to 0.66 mm Hg for SBP and by 0.13 to 0.25 mm Hg for DBP, respectively. Further analyses using the first or second readings produced the same results for the time trends. Healthcare professionals (nurses and technicians) were trained before each survey of KNHANES with a standardized protocol. 17 The first (K1; the first appearance of sound) and fifth (K5; the disappearance of sound) Korotkoff sounds represented SBP and DBP, respectively. For the first and second KNHANES, the BP examiners were also asked to detect and record the fourth Korotkoff (K4; the muffling of the sound) among those 10 to 13 years of age. Z scores and corresponding percentiles of BP were created with the US Centers for Disease Control and Prevention (CDC) reference tables. 19, 20 Hypertension was defined as average SBP and/or DBP equal to or above the referent sex-, age-, and height-specific 95th percentile. 20 Prehypertension was defined as average SBP or DBP levels greater than or equal to the 90th percentile but less than the 95th percentile. 20 Children with BP levels Ն120/80 mm Hg were also considered prehypertensive. 20
Measurement of Obesity, Health Behaviors, Diet and Nutritional Factors, and Psychological and Sociodemographic Factors
Body mass index and waist circumference based on anthropometric measurement were considered obesity measures. Health behaviors included self-report information on smoking and physical activity (moderate and vigorous physical activity and regular walking). Several diet and nutritional factors (sodium, potassium, total energy, protein and fat intakes) based on a 24-hour recall were considered. Self-reported level of stress and duration of sleep were used as psychological factors; annual household income and family size were indicators of sociodemographic factors. Further details regarding these variables are provided in the online-only Data Supplement. We selected the variables based on previous literature on determinants of childhood BP (see the online-only Data Supplement).
Statistical Analysis
Using the R statistical programming language, we presented figures for SBP and DBP distributions by survey year. We presented trends in the sex-specific age-and height-adjusted least square means (SEs) of SBP and DBP and P values for linear time trends using regression analysis (PROC SURVEYREG in SAS) after taking account of primary sampling units, stratification, and sample weights. Changes in SBP and DBP Z scores were also presented. Because a prior US study suggested that changes in measurement protocols for K4 more significantly affected the lower end of DBP distribution than the upper end and subsequently resulted in discrepancies between SBP and DBP trends, 21 we examined changes in the upper end of the DBP distribution by analyzing changes in DBP with DBP Z scores Ն0. To present changes in the age-standardized prevalences (95% confidence intervals) of prehypertension and hypertension, we used the direct standardization method with the 2005 Korean Census population as the standard population. Sample weights from the KNHANES were also considered in this standardization. We used logistic regression (PROC SURVEYLOGISTIC in SAS) to test linear time trends of the age-standardized prevalences after taking account of primary sampling units, stratification, and sample weights from the KNHANES. For other covariates, age-adjusted means (for continuous variables) and age-standardized prevalences (for categorical variables) were estimated. Finally, we examined the contributions of obesity, health behaviors, nutritional factors, and psychological and sociodemographic factors to the time trends in hypertension prevalences by adjusting for each of those covariates in the baseline regression models and examining changes in adjusted odds ratio for survey year. Only results yielding values of PϽ0.005 stand up to minimal adjustment for multiple testing. Table 1 , a total of 3061 boys and 2848 girls participated in the 4 waves of surveys between 1998 and 2008. Of those, only 5 (0.09%) received antihypertensive medication. Age-and height-adjusted means of SBP substantially decreased from 115.6 to 106.9 mm Hg among boys (by 8.7 mm Hg) and from 111.8 to 101.8 mm Hg among girls (by 10.0 mm Hg) between 1998 and 2007/2008. Although there were no significant linear time trends for DBP when all waves of data were used, decreases between 1998 and 2001 (when K4 and K5 sounds were recorded) and between 2005 and 2007/2008 (when only K5 sounds were recorded) were found in boys and girls. When we limited the analysis to those with a DBP Z score Ն0, stepwise decreasing trends of DBP with year were noticed in both sexes. Table 1 also presents age-standardized prevalence of prehypertension and hypertension. Hypertension prevalences decreased from 12.5% to 4.4% among boys (64.8% reduction) and from 13.6% to 1.9% among girls (86.0% reduction). The percent reductions for prehypertension/hypertension prevalence were 51.5% and 69.3% for boys and girls, respectively.
Results

As shown in
The Table I in the online-only Data Supplement) in both sexes because of a higher proportion of individuals in lower ends of DBP Z scores in 1998 than in 2007/2008 (see the lower tails of DBP Z score distributions in the Figure) . Table 2 reveals that stepwise decreases in SBP occurred in all age subgroups. Declines in DBP were found in subjects 17 to 19 years of age. Although the linear decrease in DBP was not so evident among those 10 to 13 and 14 to 16 years of age, a linearly decreasing tendency between 1998 and 2007/2008 was noticed in these age groups when we confined the analyses to those with a DBP Z score Ն0. Table 2 also shows increases in BP with age. Table II in the online-only Data Supplement shows declines in BP and associated prevalence of hypertension in both low-and high-income groups. Compared with absolute BP differences by income groups (average difference, 0.9 mm Hg for SBP among both boys and girls), the absolute secular decrease with year (8.7 to 10.0 mm Hg for SBP) was much greater. Use of different income measures (eg, income quartiles, less than US $20 000 versus more than or equal to US $20 000) did not materially affect these results (data not shown).
Tables III and IV in the online-only Data Supplement present time trends in covariates, including obesity, health behaviors, nutritional factors, and psychological and sociodemographic factors. Among boys, increases in obesity (body mass index, waist circumference, and overweight prevalence) were found owing to the increases between 1998 and 2001 (PϽ0.001 for quadratic trend), whereas such increases between years were not seen among girls (see also Figure I in the online-only Data Supplement). Among boys, stable time trends for health behaviors were found. However, a decrease in vigorous physical activity was noticed in girls. For nutritional factors, daily intakes of sodium, potassium, and fat and the percent of energy from fat were stable, whereas total energy and protein intake showed decreasing tendencies between 1998 and 2007/2008. Perceived levels of stress did not change significantly, whereas average sleep duration among boys showed a decreasing tendency. Between 1998 and 2007/2008, strong stepwise increases in annual household income were reported, but family size did not change. Table 3 shows changes in adjusted ORs of prehypertension/hypertension after adjustment for the covariates in the age-adjusted model. Sample size varied with adjustments of covariates because some respondents of health examination surveys did not participate in other surveys (eg, nutrition survey, health interview survey) and because health behavior surveys for adolescents had an age limitation (eg, for 12 to 18 years of age) and between-year variations for some questionnaires. Use of complete data produced results in odds ratios similar to those reported in Table 3 (data not shown). Slight 
Discussion
Measurement issues need to be addressed first for valid assessment of secular time trends of childhood BP. 18 Measurement protocols for K4 and K5 sounds differed with waves of KNHANES, reflecting changes in the recommended methods of DBP measurements. 20, 22 In the first and second KNHANES, K4 and K5 were recorded among subjects 10 to 13 years of age. Average differences between K4 and K5 were 7.1 to 7.5 mm Hg among boys and girls, slightly smaller than reported in the Bogalusa Heart study. 22 The difference between K4 and K5 may be difficult to detect and requires close attention, and K5 readings may be affected by protocols on K4 in the community surveys. In the US National Health Examination Survey (NHES) I in 1960 to 1962, both K4 and K5 were recorded, whereas K5 was recorded for the next US NHANES I and II conducted in 1971 to 1974 and 1976 to 1980. 21 During that period, large decreases were found in SBP but not in DBP (based on K5). 21 Because of this unexpected finding for the DBP trend, the NHES investigators suggested that BP examiners might have recorded higher K5 when they were asked to record only K5 than when they were asked to detect and record both K4 and K5, because BP examiners might be inclined to release the pressure on the cuff faster than the recommended 2 mm Hg/s and would be apt to miss the last pulse before the actual cessation of Korotkoff sounds. 21 They also indicated that this effect would be more pronounced at the lower end of the DBP distribution, where BP examiners might be more likely to rush the determination of K5. 21 As suggested in the US study, 21 the Figure and Table I in the online-only Data Supplement showed relatively higher proportion of lower ends and greater SDs of DBP in 1998 than 2005 to 2008, respectively. Further analysis showed that the proportion of DBP being Ͻ50 mm Hg was 6.6% to 6.8% in 1998 to 2001 but 2.4% to 3.8% in 2005 to 2008. Linear stepwise trends were found using data with a DBP Z score of Ն0 among boys and girls (Table 1 ) and among those 10 to 13 years of age ( Table 2 ). In addition, diastolic prehypertension/hypertension prevalences, which use information on the upper ends of DBP distributions, showed steady declines over the decade ( Table 1) . Results of this study showed that, over the past 10 years, age-and height-adjusted mean SBP decreased substantially by 8.7 and 10.0 mm Hg among boys and girls, respectively. Blood pressure in children and young adults in Western industrialized countries has reportedly declined during the second half of 20th century, 18, 23 with a small number of studies showing large decreases in BP. An Irish study examining BP trends between 1989 to 1990 and 1999 to 2001 among children 12 to 15 years of age reported Ϸ10-mm Hg decreases in both SBP and DBP in both sexes. 12 Nearly 10-mm Hg decreases in SBP over the 20 years from 1948 to 1968 were found among male and female students attending a university in Scotland. 11 Multiple national surveys in the United States showed Ϸ15-mm Hg decreases in SBP and DBP between the mid 1960s and 1990s. 10 According to a study with annual samples in the Seychelles, SBP decreased by Ϸ3 mm Hg from 1998 to 2006 in both children and adolescents and both sexes. 9 Korea recorded the greatest gain in life expectancy among Organisation for Economic Cooperation and Development countries between 1960 and 2005. 13 Stroke has been the leading cause of death in Korea, 15, 24 and the proportion of hemorrhagic stroke in Korea has been greater than in Western countries. 13 Prior Korean studies showed that hypertension was more strongly related to hemorrhagic stroke than to ischemic stroke 25 and that adult height, a marker of early life exposures, was strongly inversely associated with stroke. 26, 27 A recent life expectancy decomposition analysis showed that hypertension-related diseases (stroke and hypertensive disease) contributed most to the life expectancy increase during the past 2 decades. 13 These changes in population health indicators might have been driven by large declines in adulthood BP (see Figure II in the online-only Data Supplement). Medical treatment partly contributed to the adulthood BP changes, 28 but as shown in Figure II in the online-only Data Supplement, the fact that the large changes were also occurring in young adults suggests that the major decrease in BP of Korean adults originated during their childhood. Results of the present study showed that the decreases in BP and hypertension prevalence were not explained by secular changes in childhood obesity, health behaviors, nutritional factors, psychological factors, and sociodemographic factors. Medical interventions cannot explain the BP changes, given that only 5 individuals were taking antihypertensive medication. Although obesity is a very important determinant of BP, the trends in BP and obesity were divergent in this study, similar to prior studies. 9, 12 Further analyses showed no significant changes in the magnitude of association between body mass index and BP in both SBP and DBP and in both boys and girls, as found in a prior study. 9 After adjustment for sex, age, and height, a 1-unit increase in body mass index was associated with an SBP increase of 0.90 mm Hg in 1998, 0.90 mm Hg in 2001, 0.88 mm Hg in 2005, and 0.82 mm Hg in 2007/2008 (Pϭ0.12 for the interaction between body mass index and year). Qualitatively similar results were observed for DBP.
Table 2. Age Group-Specific Age-and Height-Adjusted Means (SEs) of Systolic and Diastolic Blood Pressures: Findings From the Korean National Health and Nutrition Examination Survey
Increased familiarization with BP monitoring procedures may be associated with lower childhood BP. 9, 18, 23 Only the second KNHANES in 2001 contained information on the past experience of manual BP monitoring among those 12 to 19 years of age. Further analysis showed that the past experience of BP monitoring was not infrequent as postulated. 23 A total of 43.1% had any experience of manual BP monitoring with an increasing pattern with age (22.0% for 12 years of age to 72.6% for 19 years of age), and 26.7% had BP checked within a year (14.7% for 12 years of age to 51.6% for 19 years of age). Systolic BP differences by the past year experience of BP monitoring after adjustment for age, height, and weight (some boys had BP checked owing to overweight) were 0.18 to 0.89 mm Hg among boys and girls. Thus, the contribution of the familiarization with BP monitoring procedures to the BP decrease in 2005 to 2008 would be limited, considering the magnitude of BP differences by the experience of BP monitoring and the high level of habituation, especially among those 17 to 19 years of age in 2001.
Birth size has been suggested as an important determinant of childhood BP. 29 However, prior studies could not explain temporal BP decreases by birth weight. 9, 12 In Korea, national birth certificate data available since 1993 showed decreasing (rather than increasing) average birth weight and subsequently increasing rates of low birth weight (birth weight Ͻ2500 g). 30, 31 This was due partly to increases in the multiple births (associated with increased artificial reproductive therapies) 30 and cesarean section rates (from 4.4% in 1980 to 37.7% in 1998), 32 which make the valid assessment of national trends in fetal growth difficult. However, a prior hospital-based Korean study conducted in the 1980s showed an Ϸ200-g increase in birth weight between 1979 and 1986. 33 In any case, considering the magnitude of BP decrease associated with birth weight changes (2-mm Hg decreases associated with 1-kg increases), 34 changes in birth weight cannot explain our findings.
Infant and childhood nutrition and diet may affect BP in later life. 35 Systematic reviews and meta-analyses provided Table 3 KNHANES indicates Korean National Health and Nutrition Examination Survey. Sample size varied with adjustments of covariates because some respondents of health examination surveys did not participate in other surveys (eg, nutrition survey, health interview survey) and because health behavior surveys for adolescents had age limitations (eg, for 12 to 18 years of) and between-year variations for some questionnaires. Use of complete data produced similar results in the odds ratios reported here. evidence that breastfeeding modestly lowers BP in later life. 36, 37 However, in Korea, there has been a huge decrease (rather than increase) in exclusive breastfeeding rates from 59.0% to 11.4% between 1985 and 1994. 38 Prior studies suggested the potential role of salt intake in explaining the secular BP decreases. 9, 11, 12 Our study showed that sodium intake remained stable over the period and thus the concomitant sodium intake could not explain the decrease. Although salt restriction in infancy may have an important effect on adolescent BP, 39 the expected effect size (ie, 3.6-mm Hg difference in SBP and 2.2-mm Hg difference in DBP) by random allocation to a sodium restriction group (36% of sodium intake in the control group) for 6 months 39 would not be sufficient to explain the huge decrease observed in our study. In addition, a substantial decrease in salt intake only during infancy would be less likely, considering the decrease in breastfeeding rates, 38 relatively higher sodium content in formula feeding in 1980s than now, and the fact that Korean food remains relatively salty. 40 Considering the potentially greater changes in dietary intake rather than other foods over the 20th century, fruit and vegetable consumption has been suggested as a contributor to the substantial BP decline. 11 The Dietary Approaches to Stop Hypertension Diet (DASH) diet rich in fruits, vegetables, and dietary fiber contains higher potassium, calcium, and magnesium nutrients than a Western control diet. 41 Our analyses did not find any effect of potassium (a marker of fruit and vegetable consumption) on secular changes in BP. Although fruit and vegetable consumption has reportedly increased in Korea since the 1970s, 40 the effect size on BP by the increase in the consumption would not be great, given that the Korean traditional diet, different from the Western control diet of the DASH trial, was already rich in vegetables and cereals.
. Changes in Adjusted Odds Ratios (95% Confidence Intervals) of Prehypertension/Hypertension After Adjustment for Obesity, Health Behaviors, Salt and Other Nutritional Factors, and Psychological and Sociodemographic Factors: Findings From the Korean National Health and Nutrition Examination Survey
In our study, children's cigarette smoking and physical activities did not explain the secular changes in BP and hypertension prevalence. Mother's smoking also may affect childhood BP. 42 However, Korean women 20 to 44 years of age have had very low smoking rates (Ͻ5%) with recent slightly increasing trends. 43 It has been postulated that dehydration experienced during infancy could permanently increase sodium retention, raising BP in later life, especially in developing countries. 44, 45 According to the Korean national surveillance data, notifiable communicable diseases (eg, cholera, typhoid fever, and shigellosis) were well controlled during the 1980s. 46 However, a prior Korean study examining the etiologic agent (bacteria or virus) of childhood diarrhea in 1984 to 1985 found that rotavirus accounted for 46.8% of total diarrheal cases. 47 However, there are no data on secular trends in rotavirus gastroenteritis in Korea. In this study, the BP changes were not explained by family size, which may be a crude proxy for viral infection.
In Korea, childhood BP and hypertension might have decreased by the combination of several factors rather than by 1 single factor. Along with rapid industrialization and urbanization in Korea, increases in healthcare coverage, a remarkable increase in maternal education, improvement in maternal and infant/childhood nutrition, improvement in hygiene status, and very low levels of maternal smoking 13, 24, 32, 40, 43, 46 might have led to better perinatal and child care, which cumulatively may affect important proximal determinants of BP at the population level.
This study has several strengths. We used nationally representative data, which are rare in examining childhood BP trends. 9, 10, 12 Prior reports on decreasing childhood BP trends were from Africa, Europe, and North America. 9 -12 This is one of the first studies in Asian countries where hypertension-related diseases such as stroke are of greater importance than in the West. [13] [14] [15] [16] In addition, we used data on a wide range of covariates, including physical activity, salt and other nutritional factors, and psychological factors, that prior studies could not use. 9 -12 This study also has limitations. Measurement protocols regarding DBP changed over the years. However, this change did not affect the results for SBP and hypertension prevalence. Information about each individual's earlier life (eg, birth weight, dehydration experience, early life nutrition) was not available. Some covariates (health behaviors, nutritional factors, and psychological factors) were based on questionnaires often used for community health surveys but may not fully capture its constructs, which might have resulted in the lack of effect in explaining time trends of BP and hypertension. In particular, nutrient intakes were based on a 24-hour recall, which has limited ability to assess diet patterns in the short and long terms. We used the US CDC reference tables 20 for defining childhood hypertension because the Korean CDC reference tables are based on BP values measured by automated oscillometric devices. 48 However, although our use of US CDC reference tables allows international comparisons, it cannot affect the findings on substantial reductions in BP over time.
Among Korean boys and girls 10 to 19 years of age, childhood SBP and hypertension substantially decreased over the past 10 years. These remarkable decreases were found among all age and socioeconomic groups and were not explained by concomitant secular changes in childhood obesity, health behaviors, sodium and other nutritional intake, and psychological and sociodemographic factors. This study suggests that important population determinants of secular decline in BP and associated diseases may lie in early life before 10 years of age.
